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[!S*B1] m&jK. (M a Xb) ioo-dAd (fib. Mte 
Fe, Co*Jj:ytN i ^€>jStfnS'>^< t=b lfflCDfig 
te^M"?**), XltMg, Ca, Sr, Ba. Si, G 
e. Sn, Al*5j;tXGa, ft^tftcFe, Co*3«fctf 

a, b43«fctfdte, 2^b^8, a + b=100, 

-m%1tr><D)£Zhr>m&. io 
5 O nmSDm^ 5 O O nm 

2 n Dn^l O n m 

K <c & 3 1» BBS t 3 tlfc d t t 

F e 4N<D#-aM*fc«^i^S«r#tJgS*« 1 KiEiffi© 20 

[gfijRffl3] fi&ttJg#, *ftfiEiC (Ma (Si |00-cX' 
c) b) ioo-dOd (ffiU X' HGe, Sn. A 1 *5 £tf 
Ga, fc^tflCFe. C o&itfN i «Rt<a9«J|j|^ 
<b3Itf*l54>fc< i=b lffl»7CJft, bte3^bS8, c 

liogc^s o zffitz-rnwn&m) ££9*3*1. 

5 0 nmSDmg 1 5 0 nm 

im#m4] M&F e-z$>z>wi$im\~~zw>-imfr 30 

5 nm^dwS 1 0 0 nm 

[i8}#«6 3 WMaSSdgS 
1 nm^d g<Dn 

SJ«©«1*.«I«. 40 
[t9*«7] +|U]JB±[c^*3*i/cgH$IBJc:}3ttSiHr 

$ttm®mfre>M9m&mv>m?*» 1 /3 s-c^mhje? 

tt$ot i~6 ©^-rn*^cga«E(DfiBH4jS!t 

IKE. 

ur&8 8 ] mfm-m^tz k> ©®s^*sd f w#. 

Dra^D f wg 3 0 um 

®Kia£&&tt&n i ~ 7 <onm*»Kaa»o!)«tt» 

85J. 50 
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[56W©S&HBfctft9I3 

[0 0 0 1] 

M (HDD) fflieg^y H. BgBtAyH, fi&gC-f> 
CO O O 2] 

[«*0>&«53 HDDCDg2gaiSfSiSS:(D#m3: 
* L < . * fc itt eft IBBIRfmft Sttftft: C o T t» 

[0 0 0 33 

fc*6fc M1X1A1/M2X2A2 (Mitm 

tii#JK, Xte#fi^feK&£W;t¥£:JE. AllOSAdi 
N) -?jg*3*l3*JHK«MKUfe «#BB¥ 1 0 - 2 4 9 
3 6 0^) . td^rt*. MiXiAi/M 2 X 2 A 2 ^@a 

[0 0 0 43 *»Wtt. ±GaH«tKfcb. ttt=. Xi 
[0 0 0 53 

tC. #fS93(D$ttt?$IBI»;£. &J$£ (M a Xb) 100-dA 
d (fib. MttFe, Co^it/JN i *^aS«tlS^JS: 
< £ *> 1 fflroffiBtt&JKTifc 9 , XliMg, Ca. Sr, 
Ba. Si. Ge. Sn. A l*5«fctfGa, fct>Zf\ZF 
e. CofeiOCN i «Mt<SfMtMfti&atfns<l>&< 
t=blffl©7C3^. AttO*3<fc^N^e.jStfns^75:<i: 
t>lffl<D7C^, a, b*«tO:d«. 2^b^8, a + b 

= 100. 0 g d ^ 1 0 ettfe-rnHoftift) ic<fco^ 

Stl, — M^fcf3C0JS*-Dm*t. 5 0nmSDmS5 0 
0 nmtDfflSHicfcSfiSttfflt, Bftiaxt, ^ 

Wn*!, 2 nm^Dng 1 0 nmCD3EffllC$)S^(8JM 

[0 0 0 63 *WiWSJC*5^T, a^istfi. 
3 Ag?7t3g~7 A^Tnsfi, 8Sl7C^. 1 B»e7Cljl*«ttX 
2 B«7£^SV^fe<OfrS. *fc, j&A*a. b. d 
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[ooo7] *mm<Dmvkmmte* ±.&<d£?\z* x& 

[0 0 0 8] *^W©«8tt»^»C*5<r»T. Mfct, fttttf) 10 
JCte, Fe, FeCo'&iSfcllFeCoNi^T* 

[0 0 0 9] «tt«*JC-&*n.5X:fcJ:tfAtt, ffiifttt 

>ui, M*sFe(D»&. xtum ^-n-?n<Dfis»n« 

lC*>J:*j&t, Zn. Pt. Rh, Ru^t±iiBft14S:i§5 

Cr, Ge, Ga. V, A 1 , Si, Ti, Moll 
mSkm%SkJi^i&U^. Ti, Si, SnttfiSM* 20 

[0 0 10] brt>b, b*i8 &Q±g<teZ>m&iZX$: 
gsflnbfcf). d*U 0 J;0 ! b#<^-5eaHCA^J!lO-r 
&lnfi&fc&a? (Bs) *5fU<i6Tt5. 
[0 0 11] ±gBflStt»)KiCfe^Ttt, fiBttfJ©©* 
(Dm) ))5S 0 nra±(5'hS<^i:B sCfiTiJtf U 
<fc5„ — #» DnuJt5 0 0nm«t0^t<&5t+» 30 

WA««8«:SSEIK^SM4©»W n m@& JciS&aBMlStlfc 

+ffi®CD^ (Dn) **2 nmj;9t>/h£<fc£i:. SB 

DndSl 0 nm«fc9 *>;*:€?< &-5 £ra&®|ffl<Dfi*fiB 

[0 0 12] *f6W©®tt?$l^{C*3lriT»4, mtt®^ 

(n> z<om&m*\z, r' - 

[ooi3] s&, *%m<D&timm\z$i^Tte. m& 

Mtf* m.f&& (M a (S I 100-cX* c ) b) 100-dOd (ffl 
b, X" UGe, Sn, Al43«fc^Ga, &€>ttt;:F 

e. co*jj:z/n i &m<m&&mfr*>m\£n5'pu< 

tfe lffl©7c^, btt3^b^8, cli0gcS50S 50 
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[0 0 14] £<D«fc?JC, S i *5«fc 

#X' C0^fi*±g2$SHfrs^<i:JC«tD. £tbt 

«stt)g(DfiSf±i^a«irt{c-gi5@^-r^ s i (Dfca&fc, es 

[0 0 15] W£, Six*;!/*-** 
Fe. Co, N i «J;D fc'hS^S i , Ge, Al, G 
a, Ti, V, Cr<®<D7tM (7A®StC3{I, &WotM& 

J;tfl B&7Giit£|$<±iBX) #8i«-Slci9r£ft^*r$ 

[0 0 16] JKDfiSttSf&KfeHTtt, b^3i04>& 
^i, S i *?HcfcSiSS^m*ttX^;^-<Dfl£^j 

[0 0 17] ±g2JKtt»BltCfe^Ttt, M*tFeT$5 
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1 nm^d g<D n 
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[0020] ±eraft5$iKic*3^-cfcL *pwm±. 

izmm&£zf&m&g><$4f2i£rzm£ri<i bx B S &m 
< m$itz> c: tat timtuz. 

[0 0 2 1] ±i2fiaH±SfBJ{r*5<riTtt. 
DmgD fwg 3 0 nm 

jjft\z&v&M\bm<Dtikmmv>&2Z:m'*-Tz>. do«t 
\z&rt*&ms.<&tt.*'%mv%z>. 

[0 0 2 2] D f ®ttJB— ffi<DmmDm£ V fcjg 

|6) S "9-f Xlc J: o TSUffll LTSSfiBtt*'® £ <fc 3 & IS 
[0 0 2 3] it. 

[0 0 2 4] 

iS (RF) Y^ND>X/Vy^U>m SltgS (D 
C) Xrty5")>t/m. %fa9-¥v\-7,ny5ri)>V 

•y:5"J &M<Dj8i«te£^f-5 
[0 0 2 5] m»fX^-y^»J >^fe»wJ;.5*^tC»*, 
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ttXA-y^U>^i:€:ffifflLT : &<fcK, Jtcfc, ifc«^ff 

[0 0 2 6] z\<D£5uxKy*v>>fm$:mm-rz® 

i)7.<nmm£.^r>izm&&fr*mm~*z>z\t.\z£.K>, m 
f$.-?&m\±mmv>mm}ii:*>\z. ^»<Dmmm^ 
m&ii9->fv h iL<D&m\z£zm&te<Dmmm*:%im 
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te*gtt#x+>Wi;U<, lafflsiaffitti 00-35 
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%>W, ftlZ* MI G (Metal In Gap) LAM'S 
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[0 0 2 8] J«T. CKO.fc^&SBSl'Vy K©0J1;:^H>T 

[0 0 2 9] 01 tC^U/tM I GA»y Htt. 7x5-f h 
^&^2.mft3TlCDfi$^^^7 p 4ifi^lC, *H5JC0 

^tt»ig2«:iix.Ti^. ^^^^^41^ mm&v 

30 ^7X3fC«ttl^$tlTt'iS. JL61S. H^S: 

#BS-f •S.^a -f ;l-£iS)§£ fc«e> 1C0^$ tlfe * <D 

[0 0 3 0] 02tr^UfcLAM^>y FBU #fiStt#l 
1 lC«fc 1 6*^Jf$tlfc«?iS*#b 

zzsizMtiit'ti. titzmmistitzmw&T—zrfcftm 

1 3lcSi-r^.J:3lcBH®$nTt^. C ©fish's -y HIc 

40 fc*<0?Ll 4*tmEfe$n-&. 

[0 0 3 1] 0 3 1C^L,fcA— HT f WX^ffl'\«y Htt. 
S«4 0±IC, SifeTSPv'-^ 3 9 , n±Tffi*v 
•y^K3 8, GMR (Giant Magnetoresislance) 1^3 

3&£zmmm&m3 5, ^±^^^^34, s 

£±S^>-;PFI18irFS$aB&fiB«3 6, IB&^y^^ 

3 2^HlC^K£SnT^-5. ^fc. ®S5fiBffi& 3 5 £pj 
*±g5=?^-y^8e3 4iC5B3tCtt. GMRS53 3 JZ|6l7J> 

1- >y yssi 3 2 -kicwu rrScDBej&4 2 &ffiz.. m&mm 
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to o 3 2] &&w<Dmmmm&m^ttmfvi.^v h-c 
te, iS^is^, #i:5 o mh z &>±<Dmm.m®\z$i^ 

[0 0 3 3] 

(xrd) £fflnT3pjjgu mmmm^mmm <te 

Lfc. j§ffis£tel*->n-f;k &fnfiB3l®&te 10 

C 0 0 3 4 ] <#U60i| 1 ) **IM(TM;, F e 

(Si) N, «*Fe (S i) ONt-r-SfiBttSfK 

e+<be. &miiL-c<z>mmmt><ffi.miitzz>ii&mmw. m 
&mm, fmmm. mmmmmz^xm^tc, & 
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S«tas : 2 o ot: 

V : Fet&HFeS i^-y>y h 20 
/STOSS : 

^-y-, hlt-fX: 3-f >^ 
4iC^;#XJEE : 3 mTorr 

(Si) 
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WtMMJl : 3 0 0 W 

: IKiA r +N 2 : £3?tSfJ»J£ (N^ (A r +N 2 ) ) 6 
% 

: *mm A r + 0 2 + N 2 : 8f?tiKfltJfc (O2/ (Art 
O2) ) 2 5 % 

[0036] ISSfflJgfigte, l^-©i8«-ii?BU;:B8 Ltra 
— ©F e^-y-y hSfeliFeS i 
ffl LfcjJtS, ffittSttA r +N 2 Jg^-^X#H^4'-e. 

<p|fi]IBte;r©g:ffl§«c3 £ Kettle o 2 #X£iS AT 

SitKcfcOSUSLfc. lOi^Cbt. BUSlOOn 
m<Dfi8tf±ja (Fe (SDN) t, JBSJS6 nm©*fflfl 

(Fe (s i) on) tz&mzi om-r-z>mmi>T, 
mmiza^xh. *mmiz\zmikm£Q*>&<<»&mit>< 

[0 0 3 7] m&M& (Fe a S i b ) 100-dNd (.tctz 
U a + b=100. OSdSlO) fc&ffiEKiCTSU 

rzis&ftb&mt. ^mnn^Jzzf^misto) 1 o mh z 

[0 0 3 8] 



1i->y;i/ b (10MHz) 



a a 


0 


1500 


500 


a b 


1 


1500 


1000 


a c 


2 


1700 


3000 


a d 


3 


2000 


4000 


a e 


5 


2000 


4000 


a f 


8 


1500 


3500 



[0 0 3 9] SllC^Lfc-tplC. b7ii2^_hT*-SD- 
3~ 1 0eKT*-3 3tc 

[0040] *3t, S 1 \Z7f;Vfcmfe®te1&ti&]&&V>m 

f^ssufc-y->y^s3 0 o'CTi^jasb^ 

[004 1] fiEIKS#OS«iaffi*^iatC^MLT 

fesfLfctc^ ^-rn»ii->^t)i5!]S{a^3!»ti-5 

S«SS$2 OOlCibTflsML£«attBgte, t> 
"3**1 fe r ' -F e4N©#SM*fctt«S^^<0|5l©f^ia 50 



r* -F e4Nd^ffiTS^i*W*U^Ct^t>^-5. 

[0042] £43, JJHBttJtlfttt. b ©fit** 8 J: t) ^ 
<Tfe#Jg{tK«fc£S«a^©ffl±**$88gT#fcj^ Bs 
tel. 6TSS*-CtCffiTL)5:. 

[0 0 4 3] Ji3Bil^«6. 9^100 nmOSft 

y-y h©mJ5E*<fcZ/X/t-y^ >J >^X*^KLTa* 
fig^U/ti^*, (M a Xb) 100-dAd (MliFe, Co*5 

cttKN i fr<z>miinz>'j>tz< t fe 1 ffi©«Btt&M. xte 

Mg, Ca, Sr. Ba. Si, Ge, Sn. Al*i 
t*G a fc 6 tfK Iffl IBM £ ® < XfMtlb^& M\Ztl2> il>fc 
<£felf8i0)7Cift. Ate043j;tfN<Z)4>;&<£:fe lffl. 
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a. b. ct±2SbS8. a + b=100, O^d^l 
0) romj&ISHTi&^fflEttilii:, lffig2M&«i:tfiffl3eX£ 

[0 0 4 4] N 2 SiEftitS:^fh3l+Td*i±g2 
mm ii tzZ> <fc 5 KfHK L ftJ£ UBS £ £-«H5S £ b 

mz&\,*x\z. &m&mmwii:<,mm-e&tifzmmm* 10 

[0 0 4 5] &\Z. b(OfSSr2(C@3tL, jfcSjJIftGDftm 
^fXK 0 . 8 mTorr~ 8 mTorr<DfiSBI-e&ft:£-ttT^lg 

iK*mi-hB £ ^ i; -5. 

(£2) 
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[0 0 4 6] fPS8bfc{Ktt^©^»fffi<DTEMa^Cct 
[0 0 4 7] ffiEtti^^Wi^a^t 1 0 MH z KiStf-S 

©its, [5iffimn*£fi5eLfc«^jc«-?-<DtfiR{^<DS 

5£bfcg£ K4 /rcf&Lfcffi£«hfi4id w£T3 '£tC 
[0 0 4 8] 



dw[nm] (10MHz) 



b a 4 300 

b b 5 1000 

be 10 4000 

b d 20 3000 

be 100 2000 

b f 200 400 



\mvi(Dm^Mm^^ti. tnmmm^i&oy^^ 30 m&i>it. *<Dm<Df&m$im3.±.%ii:mve&2>. task 

a4Bdw^, 5 nmSdwg 10 0 n mC0®lffitc$.-5<h £^3*>J;tJ^4 tC^T. 

^rtcffin&i«^is^tt»^6n5 ^ t*t«sggsn&. [ o o 5 1 ] 

[0 0 5 0] 'AiZ, bOffi*3lCH«UT. BBttJgOJil 

(3*3) 



Dm[nm] Dnbml (10MHz) 



c a 30 6 3000 

c b 50 6 5000 

c c 100 6 4000 

c d 500 6 3000 

c e 600 6 2000 



[0052] ^3Jc^bfc«fcotc, mamomm^s 0 ^vrzmmm^mmmtmm&x&t). -y->y;vcatc 

SCiii'ttft. — -y->^c eWjS^«*ltr [0 0 5 3] 

<*4) 



$#BB2000-100622 



\ — / 



11 



12 





Dm [no] 


Dn [nm] 


(10MHz) 


d a 


100 


1 


300 


d b 


100 


2 


2500 


d c 


100 


6 


4000 


dd 


100 


10 


3000 


d e 


100 


15 


1500 



[0054] UMzfhhft^\z. <$mmo®Mtit2 n 

mSD n S 1 0 nm<D8SB"e@n£&^i&^tt£#-5 C 
trti-C^rfc. — 1t>7 p JWd att, TEMf8f£©i|g 

[0055] j&u©&ma>s, gn^esme^artss 

f(,!|$tttS^-5>fc«&JCtt. 5 0 nm^Dm^5 0 0 nm 
Ao2nmgDn^ 1 0 nm-C$5Ci*W*LtrCt 

[0 0 5 6] (*SS0iJ 2 ) 4$GKflTi*. ffittfejg SFe 

(s i) co) . wii&Fe (s i) oiL-rzmxm 
m&mm* *wmm. wtfflM&mz-D\,>xm&Lit. & 

[0 0 5 7] K!tK^tt*©aDT»«>. 
SIStaffi : 

h : F e 9 — tfy h<£fc(3F e S 1&&9-? 



(02/(Ar+0 2 )) = 



9-fv MM"*: 3'f>^ 

(i?5) 



;»«#7JE: 8mTorr 
10 : 3 0 OW 

•.smmAr 

: 4"B3ffiA r +O2 : 
2 5% 

[0058] mnvnot* m-ommmmizwvxtem 

— ©F e 9 — f-v hSfcteF e S 1 ^9~Vy h£<£ 

©^antics e \zmmm\zOijsz.&mA~rz> z\ t iz «t 

Ogyfibfc, CCD^KLT, B&g 1 0 0 n m©flfrl4)a 
20 (Fe (S 1) (O) ) £, SiJ5l6nm©+ffiffiS (Fe 

(SO o) tz&mzi omr-ommvxs ®m$ii 
tim<z>M&g>®m*i¥mvtz. ^-?ti<Dm&gr®mz& 
^Tfe, *mmiz\t.m&®j:K)%&<<Dmm&'&3itix 

[0 0 5 9] m&mZ (Fe a S ib) 100-dOd 
U a + b=10 0, O^d^l 0) JiSlftfigiC-C^b 
fciB-a-©b ©«!£:. 10MHz*J;tf3 0 0MHzl:fe 

•r. 

30 [00 60] 





b 


m 




B s 






(10MHz) 


(300MHz) 


[T] 


e a 


0 


150 


150 


2. 03 


e b 


2 


200 


200 


1. 98 


e c 


3 


500 


400 


1. 95 


e d 


5 


1500 


800 


1. 87 


e e 


7 


1900 


1000 


1. 82 


e f 


8 


2300 


1200 


1. 79 



[0 0 6 1] *5lC^U&«t51C, b&3&L±LX$>2>*)- 

mmM&mamznfc. 8i£jRi*i0>o£r#*** 

Tdte, ^•ftl<D^>Zf)l\Z^XhW-i^VX0'^3m 

mx$>r>tt. Mteffiftmwzozxxzmxvx^tt.^ 

/gf£8W ©5S@&3l K J: * t> © t <e> n-s . 

[0 0 6 2] £5tC*Ufc$J)£ffite^lBSie&©ffi 50 



1 0MHzT?<DjgfiB$te2~3SiJ|6)±U 3 0 

0 mh z ®jatt*Hrt>*tt*M-«fr. mmmx&ifz. 

1 0MHzTf©jg^O|6]±{C«. ffltf458&©#lj&!®ftl 
3?**3F#-U tfe3 0 0MHz X<Dmi&m<D&{kiZ\$> 

t&mm\z &z>m<Dttt&fo<ote'j>&i&®vx^z> <t#* s 
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[0 0 6 3] ±ga^14»H!?«, b05flfi^8 0:D# 

[0 0 6 4] @ia^©ieH'^-9->^ , ;Pe f tsu^©®^ 

*>y;Ue fete, 0Him£t}Afl«M3 0~4 
OntntnM»I.A^&0. ffflliUfi 1 ~ 2 nmg 

2r, tf->y;Ue a-rii mtt®tt^S4®*iKl6 0-7 0 

(366) 



14 

[0 0 6 5] -y->^e f tU->y;Ue at(DttS!«^ 

m&® <Dts&&ftM-?z>ftm l-t » 5 t <=. n 

[0 0 6 6] jWJHciittSgffiiaffi^ia 
>7;i/f a) itli2 0 0 , C (iJ->^;ufb) tu&ffi 

300 [Oe] O-anS^+T^Ma&fT 
1 0MHzT<D}3gm*£3Hi£Lfc. ffiftjg 

10 ©S 1 »tt±8Bi»->-7 p ^e e tleli; 7 *fc, 

«s, ±8Bt|p|i;-efe5o m^m6\z^-r. 

[0 0 6 7] 



nmmL&izx&mmip (iomhz) 
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(54) MAGNETIC THIN FILM AND MAGNETIC HEAD USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide soft magnetic materials with high saturation density 
whose high frequency characteristics are excellent. 

SOLUTION: This magnetic thin film is constituted by alternately laminating a magnetic layer which 
is indicated by a composition formula (MaXb)100-dAd (M is at least one kind of magnetic metal 
selected from Fe, Co, and Ni f and X is at least one kind of element selected from Mg, Ca, Sr. Ba, 
Si. Ge, Sn, Al and Ga, and transitional metal except for Fe, Co, and Ni, and A is one kind of 
element selected from O and N, and (a), (b), and (d) are numerical values in a range fulfilling 2<b< 
8, a+b=100, and 0<d<10) in which thickness Dm in each layer is present in a range 50 nm<Dm<500 
nm, and an intermediate layer containing more oxygen than the M, X, and magnetic layer in which 
thickness Dn in each layer is present in a range 2 nm<Dn<10 nm. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Empirical formula (MaXb) 100- dAd (however, M is at least one sort of magnetic metals 
chosen from Fe t Co, and nickel) X Mg, calcium, Sr t Ba, Si, germanium, Sn, aluminum, and Ga, And at 
least one sort of elements chosen from the transition metals except Fe, Co, and nickel, at least 
one sort of elements with which A is chosen from O and N, and a, b and d The magnetic layer 
which is shown by the numeric value of the range with which 2<=b<=8, a+b=100, and 0<=d<=10 are 
filled, and has the thickness Dm of a hit in the range of 50 nm<=Dm<=500nm further. The magnetic 
thin film characterized by carrying out the laminating of said M, said X, and the interlayer that 
contains much oxygen and has the thickness Dn of a hit in the range of 2 nm<=Dn<=10nm further 
rather than said magnetic layer by turns. 

[Claim 2] The magnetic thin film according to claim 1 with which a magnetic layer contains 
nitrogen and contains the amorphous substance or microcrystal of gamma'-Fe4N further. 
[Claim 3] A magnetic layer Empirical formula (Ma(SMOO-cXc) b) 100-dOd however, at least one 
sort of elements with which X' is chosen from the transition metals except germanium, Sn, 
aluminum, Ga, and Fe, Co and nickel — It is the magnetic thin film according to claim 1 which is 
shown by the numeric value of the range with which b fills 3<=b<=8, and c fills 0<=c<=50, and has 
the thickness Dm of a hit in the range of 50 nm<=Dm<=150nm further. 
[Claim 4] The magnetic thin film according to claim 1 to 3 whose M is Fe. 

[Claim 5] The magnetic thin film according to claim 1 to 4 which has the average crystal width of 
face dw of said magnetic crystal grain in the range of 5 nm<=dw<=1 OOnm including magnetic 
crystal grain with a pillar-shaped or needlelike magnetic layer. 

[Claim 6] The magnetic thin film according to claim 1 to 5 with which an interlayer contains the 
microcrystal grain which makes the diameter dg of average crystal grain the range of 1 
nm<=dg<Dn. 

[Claim 7] The magnetic thin film according to claim 1 to 6 with which said initial formative layer 
has the sum total content of the oxygen of said magnetic layer, oxygen higher than the sum total 
content of nitrogen, and nitrogen when even one third of the thickness of said magnetic layer is 
used as the initial formative layer from said interlayer side in the magnetic layer formed on the 
interlayer. 

[Claim 8] The magnetic thin film according to claim 1 to 7 which has the shortest film width Dfw 
per one layer of magnetic layers in the range of Dm<=Dfw<=30micrometer. 

[Claim 9] The magnetic head characterized by including a magnetic thin film according to claim 1 
to 8. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic head using the magnetic thin film of 
high saturation magnetic flux density used with magnetic-circuit components, such as magnetic 
sensors including the recording head of a hard disk drive unit (HDD), the magnetic reproducing 
head, and a magnetic impedance sensor, and a magnet coil, an inductor, etc., and such a magnetic 
thin film. 
[0002] 

[Description of the Prior Art] In recent years, the elongation of the record highest frequency of 
HDD is remarkable, and the high density record medium is going to high coercive forceHzation. For 
this reason, with high saturation magnetic flux density, even after processing the high resistivity 
rho and a still more detailed configuration, it has moderate uniaxial anisotropy in a recording head 
ingredient, and the high magnetic material is demanded for the permeability mu in a high frequency 
band. 
[0003] 

[Problem(s) to be Solved by the Invention] In order to meet these demands, artificers developed 
the multilayers shown by M1X1A1/M2X2A2 (non-magnetic metal or semimetal, and A are [ M ] O 
or N for a magnetic metal and X) (Japanese Patent Application No. No. 249360 [ ten to ]). 
However, 2X2AM1X1A1-/M2 multilayers had the technical problem which should be improved to 
the pan that the permeability in a high frequency band is low in a presentation field with few 
contents of the element XI in a magnetic layer, and the element X2 in an interlayer. 
[0004] This invention solves the above-mentioned technical problem, and aims at offering the 
magnetic thin film of high saturation magnetic flux density with which the permeability in a high 
frequency band has been especially improved also in a presentation field with few contents of X1 , 
and the magnetic head using this magnetic thin film. 
[0005] 

[Means for Solving the Problem] In order to attain said purpose, the magnetic thin film of this 
invention Empirical formula (MaXb) 100- dAd (however, M is at least one sort of magnetic metals 
chosen from Fe, Co, and nickel) X Mg, calcium, Sr, Ba, Si, germanium, Sn, aluminum, and Ga, And at 
least one sort of elements chosen from the transition metals except Fe, Co, and nickel, at least 
one sort of elements with which A is chosen from O and N, and a, b and d The magnetic layer 
which is shown by the numeric value of the range with which 2<=b<=8, a+b=100, and 0<=d<=10 are 
filled, and has the thickness Dm of a hit in the range of 50 nm<=Dm<=500nm further, Said M, said 
X, and the interlayer that contains much oxygen and has the thickness Dn of a hit in the range of 
2 nm<=Dn<=10nm further rather than said magnetic layer are characterized by carrying out a 
laminating by turns. 

[0006] In addition, in this specification, transition metals shall mean 3A group element - 7A group 
element, 8 group element, 1B group element, and 2B group element. Moreover, all of suffixes a, b, 
and d and later c are numeric values to show atomic %. 

[0007] The magnetic thin film of this invention has realized high saturation magnetic flux density, 
when X considers as few (b is small) presentation fields as mentioned above. It has controlled by 



using the magnetic layer and interlayer who have the thickness of the above-mentioned range for 
direct association of the magnetic crystal grain between the magnetic layers which become easy 
to produce b in the thing [ making it small ] on the other hand. Consequently, strong magnetostatic 
association is realized and it is thought that the RF property has been improved. 
[0008] As for M, specifically in the magnetic thin film of this invention, it is desirable that they are 
Fe, a FeCo alloy, or a FeCoNi alloy. 

[0009] X and A which are contained in a magnetic layer offer at least one of the effectiveness 
which reduces the crystal magnetic anisotropy of the magnetic crystal grain which makes crystal 
grain of a magnetic metal detailed which raises corrosion resistance of making magnetostriction 
small. For example, as X, when M is Fe, although based also on each addition, Zn, Pt, Rh, Ru, etc. 
raise corrosion resistance, Cr, germanium, Ga, V, aluminum, Si, Ti, and Mo reduce a crystal 
magnetic anisotropy, and Ti, Si, and Sn lower magnetostriction. Although X has one kind or 
effectiveness, the operation to which two or more sorts of compound addition also lowers the 
diameter of crystal grain further becomes remarkable. By furthermore adding A, the diameter of 
crystal grain can be made detailed more, and soft magnetic characteristics can be raised. 
[0010] However, if X is added to extent to which b becomes larger than 8 or d adds A to extent 
which increases more than 10, saturation magnetic flux density (Bs) will fall remarkably. 
[001 1] In the above-mentioned magnetic thin film, if the thickness (Dm) of a magnetic layer 
becomes smaller than 50nm, the fall of Bs will become remarkable. On the other hand, if Dm 
becomes larger than 500nm, sufficient magnetostatic association is unrealizable. Unless 
magnetostatic association is enough, a good RF property is not acquired in the condition that 
micro processing of the magnetic thin film was carried out, for example to about lOOnm of the 
maximum shortest breadth numbers. Moreover, if an interlayer s thickness (Dn) becomes smaller 
than 2nm, dissociating between magnetic layers will become inadequate and soft magnetic 
characteristics will deteriorate. The fall of Bs becomes remarkable while magnetostatic association 
between magnetic layers will become weaker on the other hand, if Dn becomes larger than 10nm. 
[0012] In the magnetic thin film of this invention, if the amorphous substance or microcrystal of 
gamma -Fe4N is contained in this magnetic layer when a magnetic layer contains nitrogen (N), it 
will become possible to improve the soft magnetic characteristics of a magnetic thin film itself. 
This is considered for the so-called detailed-ized effectiveness that the Fe4N amorphous 
substance or microcrystal formed into the magnetic layer controls grain growth of the magnetic 
crystal grain at the time of membrane formation and heat treatment, and controls the crystal 
magnetic anisotropy of the appearance of the whole magnetic layer to arise. 

[0013] In the magnetic thin film of this invention a magnetic layer Moreover, empirical formula (Ma 
(SMOO-cX'c) b) 100-dOd however, at least one sort of elements with which X' is chosen from the 
transition metals except germanium, Sn, aluminum, Ga, and Fe, Co and nickel — It is desirable that 
it is shown by the numeric value of the range with which b fills 3<=b<=8, and c fills 0<=c<=50, and 
the thickness Dm of a hit is in the range of 50 nm<=Dm<=1 50nm further. 

[0014] Thus, while lowering the crystal magnetic anisotropy of magnetic crystal grain for Si which 
dissolves in part mainly in the magnetic crystal grain of a magnetic layer by making into the above- 
mentioned range the content of Si contained in a magnetic layer, and X\ increase of 
magnetostriction can be pressed down to min. Consequently, the magnetic thin film which has the 
permeability excellent also in the high frequency band is realizable. 

[0015] Moreover, an interlayer s thermal stability improves by carrying out specified quantity 
content of the elements (the above X except 7A group element, 8 group element, and 1B group 
element), such as Si, germanium, aluminum, Ga, Ti, V, Cr, etc. with the oxide free energy of 
formation smaller than Fe, Co, and nickel, especially at a magnetic layer. This is considered to be 
for controlling diffusion inside a magnetic layer by catching near the interlayer the oxygen element 
which the above-mentioned element in a magnetic layer is contained in an interlayer, and diffuses 
toward the inside of a magnetic layer from the oxide of unstable M element thermally. Moreover, it 
is also thought that it is for the generated oxide to act as a barrier layer which controls the 
oxygen diffusion from the middle class. 

[0016] In this magnetic thin film, when there is less b than 3, the reduction effectiveness of the 
crystal anisotropy energy by Si etc. will not fully be acquired, but thermal stability will also be 



missing. Moreover, if c becomes larger than 50, the effectiveness by above-mentioned Si will not 
fully be acquired. 

[0017] In the above-mentioned magnetic thin film, it is desirable that M is Fe. It is because it is 
easy to realize comparatively low magnetostriction with high saturation magnetic flux density. If 
such a magnetic material is used for the recording head section of HDD, the record noise 
produced with contact on a disk etc. can be controlled. 

[0018] Moreover, in the above-mentioned magnetic thin film, it is desirable that the average 
crystal width of face dw (diameter of average crystal grain in a field parallel to a substrate side) of 
this magnetic crystal grain is in the range of 5 nm<=dw<=100nm including magnetic crystal grain 
with a pillar-shaped or needlelike magnetic layer. Since the permeability excellent in the pan in still 
higher saturation magnetic flux density and high frequency band is realizable, it comes out. If dw is 
made smaller than 5nm, the grain boundary of crystal grain will increase and the fall of Bs will 
become remarkable. On the other hand, if dw is made larger than 100nm, when the shortest width 
of face will use it for it, for example, carrying out micro processing of the magnetic thin film to 
extent used as hundreds of nm, the size and the shortest width of face of the diameter of crystal 
grain become comparable. For this reason, since the direction of a hard axis of a magnetic thin film 
is strongly influenced of the hard axis of magnetic crystal grain, it becomes difficult to form a hard 
axis in the direction desirable as a device. 

[0019] In the above-mentioned magnetic thin film, it is desirable that an interlayer contains the 
microcrystal grain which makes the diameter dg of average crystal grain the range of 1 
nm<=dg<Dn. Some such microcrystal grains may be contained in the interlayer. If the size of the 
above-mentioned microcrystal grain becomes more than Dn, separation between magnetic layers 
will become difficult and the soft magnetic characteristics of a magnetic thin film will deteriorate, 
in addition, the pillar-shaped or needlelike crystal which grows considering a microcrystal as a 
nucleus by considering as the gestalt which contains a microcrystal smaller than interlayer width 
of face as mentioned above although an interlayer may be fundamentally amorphous — detailed — 
-izing — easy — the above — the magnetic layer which has desirable average crystal width of 
face can be formed. 

[0020] Moreover, in the above-mentioned magnetic thin film, when even one third of the thickness 
of said magnetic layer is used as the initial formative layer from said interlayer side in the 
magnetic layer formed on the interlayer, it is desirable that said initial formative layer has the sum 
total content of the oxygen of said magnetic layer, oxygen higher than the sum total content of 
nitrogen, and nitrogen. In such a magnetic thin film, since the initial formative layer is made 
detailed with oxygen and/or nitrogen, crystal width of face of the magnetic crystal grain in the 
remaining magnetic layers which grow as a nucleus is made detailed by the whole mainly in the 
initial formative layer. Therefore, while the soft magnetic characteristics of a magnetic thin film 
improve, it becomes possible to maintain Bs highly from the film which made many oxygen and 
nitrogen contain in the whole magnetic layer. 

[0021] Moreover, in the above-mentioned magnetic thin film, when the shortest film width per one 
layer of magnetic layers is set to Dfw, it is desirable that it is Dm<=Dfw<=30micrometer. Here, the 
shortest film width means the die length of the shortest section of the magnetic layer in film 
surface inboard. In such a magnetic thin film, even if it processes a detailed configuration, the good 
property in a high frequency band is realizable. 

[0022] If Dfw becomes shorter than the thickness Dm of one layer of magnetic layers, by the anti- 
field, the inclination to incline in the direction where magnetization is perpendicular to a film 
surface from from near the inside of a film surface will be born, and soft magnetic characteristics 
will deteriorate. Moreover, by setting Dfw to 30 micrometers or less as mentioned above, the 
magnetization direction of the magnetic thin film with which it becomes easy to turn to the sense 
of the magnetization in a magnetic layer in the direction of the shortest film width, consequently it 
was made detailed can be controlled by size, and degradation of the RF property by ferromagnetic 
resonance can be controlled. 

[0023] Moreover, in order to attain the above-mentioned purpose, the magnetic head of this 

invention is characterized by including the above-mentioned magnetic thin film. 

[0024] 



[Embodiment of the Invention] As for the magnetic thin film of this invention, it is desirable to form 
in a low-gas-pressure ambient atmosphere. Especially as such a forming-membranes method, 
although it does not limit, the sputtering method represented by the (RF RF) magnetron sputtering 
method, the (direct-current DC) sputtering method, the opposite target sputtering method, the ion 
beam sputtering method, etc., for example and various kinds of vacuum deposition can be 
mentioned. 

[0025] For example, when based on the sputtering method, a magnetic thin film can be 
manufactured by determining the presentation of an alloy target in consideration of the 
presentation after membrane formation of a magnetic layer and each interlayer. carrying out 
sputtering of this alloy target in inert gas first, and forming a magnetic layer and an interlayer by 
turns on a substrate. In this case, sputtering of the alloying element pellet may be arranged and 
carried out on an alloy target, and the reactive-sputtering method which introduces some alloying 
elements in equipment in the state of gas may be applied. In addition, ********** [ the number of 
the electrodes which discharge / one ] depending on a presentation. 

[0026] When applying such a sputtering method, a difference of the film property by the apparent 
coefficient of thermal expansion and the location of a substrate and a target etc. can be controlled 
with the structure of the magnetic thin film to form by controlling membrane formation conditions, 
such as the direction of the magnetic field value a temperature [ of discharge gas pressure, 
discharge power, and a substrate ], bias condition [ of a substrate ], and target top, and near the 
substrate, a target configuration, and the incidence particle to a substrate, and a class of 
discharge gas. The magnetic thin film immediately after membrane formation may be heat-treated 
at predetermined temperature in a field or a non-field if needed. In this case, a heat treatment 
ambient atmosphere has the desirable inside of a vacuum or inert gas, and 100-350 degrees C of 
heat treatment temperature are desirable. 

[0027] A magnetic thin film which was explained above can be especially used suitably as the 
magnetic heads, such as a MIG (Metal In Gap) head, a LAM head (laminating mold head; Lamination 
Head), and a head for hard disks, although it can use suitable for magnetic devices, such as a 
magnetic sensor and magnetic-circuit components. 

[0028] Hereafter, it explains, referring to a drawing about the example of such the magnetic head. 
[0029] The MIG head shown in drawing 1 equips with the magnetic thin film 2 of this invention 
about four magnetic gap of the magnetic core 1 which consists of a ferrite. The magnetic gap 4 is 
pinched with glass 3 from both sides, moreover, the electromagnetism to which a hole 6 
abbreviates illustration — it is formed in order to pass a coil. 

[0030] The LAM head shown in drawin g 2 has the structure where the magnetic thin film 16 of this 
invention was pinched with non-magnetic material 1 1. A magnetic thin film 16 is used as a layered 
product with an insulating layer 1 7. This layered product is arranged so that the cross section by 
which the laminating was formed and carried out so that it might intersect perpendicularly with a 
magnetic gap 12 may face the tape transit side 13. this magnetic head — the magnetic head of 
drawing 1 — the same — electromagnetism — the hole 14 for twisting a coil is formed. 
[0031] As for the head for hard disks shown in dra w ing 3 , the playback lower shielding film 39, the 
playback lower gap film 38, the GMR (Giant Magnetoresistance) film 33 and the hard magnetic film 
35, the playback up gap film 34, the lower [ the playback up shielding film-cum-] record magnetic 
pole 36, and the record gap film 32 are formed in order on the substrate 40. Moreover, between 
the hard magnetic film 35 and the playback up gap film 34, the terminal 37 intervenes from both 
sides toward the GMR section 33. Furthermore, on the record gap film 32, it has the 
predetermined thickness 42 and the up record magnetic pole 31 which makes width of face a 
recording width 41 is formed. 

[0032] In the magnetic head using the magnetic thin film of this invention, a high frequency band 
and the recording characteristic which was excellent in especially magnetic recording 50MHz or 
more are realizable. 
[0033] 

[Example] In the following examples, each thin film was produced using the RF magnetron 
sputtering method or the DC magnetron sputtering method. Membrane structure was measured 
using the X diffraction (XRD), and was observed using the transmission electron microscope 



(TEM). EPMA estimated the component analysis. Moreover, permeability was estimated with 1 turn 
coil and VSM estimated saturation magnetic flux density. Hereafter, the detail of an example is 
described. 

[0034] (Example 1) In this example, it investigated about the presentation range where the 
permeability in a RF becomes the optimal, magnetic layer thickness, interlayer thickness, the fine 
structure, etc. centering on the magnetic thin film which sets a magnetic layer to Fe(Si) N and 
sets an interlayer to Fe(Si) ON. In addition, the component in ( ) is not contained depending on a 
sample. 

[0035] The membrane formation conditions are as follows. 

substrate: — nonmagnetic ceramic substrate substrate temperature: — 200-degree-C target: — 
the time of Fe or FeSi alloy target membrane formation — substrate: — rotary-targets size: — 3 
inch discharge-gas-pressure: — 3mTorr discharge power — 300W sputtering gas: — 25% (02/ 
(Ar+02)) [0036] of 6% [ of magnetic layer Ar+N2:nitrogen flow rate ] (N2/(Ar+N2)) : interlayer 
Ar+02+N2:oxygen flow rate While membranous formation used the same Fe target or the FeSi 
alloy target about the same magnetic thin film, the interlayer carried out the magnetic layer by 
introducing 02 gas into this ambient atmosphere still more nearly continuously in the Ar+N2 
mixed-gas ambient atmosphere. Thus, the laminating of the magnetic layer (Fe(Si) N) of lOOnm of 
thickness and every ten layers (Fe(Si) ON) of the interlayers of 6nm of thickness was carried out 
by turns, and magnetic multilayers of about 1 micrometer of thickness were produced. Also in 
which magnetic multilayers, much oxygen was contained in the interlayer rather than the magnetic 
layer. Moreover, the monolayer which consists of a magnetic layer of a monolayer with a thickness 
of 1 micrometer for a comparison was produced. 

[0037] a magnetic layer — 100(FeaSib)-dNd (however, a+b=100, 0<=d<=10) — the relation 
between the value of b at the time of expressing with an empirical formula and the initial 
permeability in 10MHz of monolayer and multilayers is shown in Table 1. 
[0038] 
(Table 1) 

Permeability Sample b (10MHz) Monolayer Multilayers 

aa 0 1500 500 ab 1 1500 1000 ac 2 1700 3000 ad 32000 4000 ae 5 2000 4000 af 8 1500 3500 

[0039] As shown in Table 1 , high permeability was obtained in the multilayers of 

the sample ac whose b is two or more - Sample af. Moreover, also in which sample, saturation 
magnetic flux density Bs was more than 1 .7T. In addition, d which shows N content in a magnetic 
layer was three to about ten also in which sample. 

[0040] Moreover, although the measured value shown in Table 1 was a value immediately after 
membrane formation, after heat-treating the produced sample at 300 degrees C, the fundamental 
inclination was even the same as Table 1 . 

[0041] Moreover, when the substrate temperature at the time of membrane formation was 
changed into the room temperature and produced, in any sample, initial permeability decreased 
about 1 to 50 percent. As a result of an X diffraction's investigating the membranous fine 
structure, as for the magnetic film which produced substrate temperature as 200 degrees C, the 
amorphous substance of gamma -Fe4N or the diffraction line of a microcrystal was observed for 
all. On the other hand, from the film produced at the room temperature, these diffraction lines 
were hardly observed. Therefore, it turns out that it is desirable that gamma'-Fe4N exists in a 
magnetic layer. 

[0042] In addition, although it has checked improvement in the permeability by multilayering even if 
the above-mentioned magnetic thin film had more values of b than 8, Bs fell to about 1.6T. 
[0043] Like the above moreover, the magnetic thin film which carried out the laminating of a 
magnetic layer with a thickness of 100nm and the interlayer with a thickness of 6nm The result of 

■ 

having changed a presentation and sputtering gas of a target and having formed membranes 
variously, (MaXb) 100-dAd (at least one sort of magnetic metals with which M is chosen from Fe, 
Co, and nickel — ) At least one sort of elements with which X is chosen from the transition metals 
except Mg, calcium, Sr, Ba, Si, germanium, Sn, aluminum, Ga, and said M, The magnetic layer 
whose A is at least one sort of O and N and 2<=b<=8, a+b=100, and the presentation range of a, b, 
and whose c are 0<=d<=10, When the interlayer who contains said M and said X, and contains 



many oxygen rather than said magnetic layer was used, it has checked that the outstanding RF 
property was acquired. 

[0044] Furthermore, when the monolayer and multilayers which were produced so that N2 flow 
rate might be changed and d might become the above-mentioned range were compared, in 
multilayers, it became clear that permeability cannot be easily influenced of nitrogen content. 
Thus, in multilayers, in order to show the permeability which was excellent in the range where 
nitrogen content is large, when forming a magnetic thin film by the large area comparatively 
especially at the time of mass production, improvement in the yield can be expected. 
[0045] Next, the value of b was fixed to 2, the discharge gas pressure at the time of membrane 
formation was changed in the range of 0.8mTorKs) - 8mTorr, multilayers were produced, and it 
investigated about the permeability. Other membrane formation conditions are the same as the 
above. 

[0046] TEM observation of the film cross section of the produced magnetic film investigated each 
crystal size. Magnetic crystal grain pillar-shaped [ the magnetic layer of the multilayers which 
formed membranes ] thru/or needlelike is made into the host phase, and the height of magnetic 
crystal grain was mostly in agreement with the thickness of a magnetic layer. 
[0047] The relation between the crystal width of face of magnetic crystal grain and the initial 
permeability in 10MHz is shown in Table 2. Here, the crystal width of face dw of magnetic crystal 
grain is describing the die length of the minor axis of the ellipsoid, when a columnar crystal is 
assumed to be a cylinder and it is assumed that they are the diameter of the column and a 
spheroid. In addition, since the TEM photograph observable in a cross section TEM was looking at 
the cross section of column-like arbitration, it performed amendment to the size of the crystal 
grain at the time of observing in parallel with a film surface by making the value 4/pi Doubled to 
the measured die length into the crystal width of face dw. 
[0048] 
(Table 2) 

Sample Crystal width of face Permeability dw [nm] (10MHz) 

ba 4 300 bb 5 1000 be 10 4000 bd 20 3000 be 100 2000 bf 200 400 

[0049] It was checked that the RF property which was excellent when pillar-shaped or needlelike 
magnetic crystal grain was contained in a magnetic layer and the average crystal width of face dw 
of the magnetic crystal grain was in the range of 5 nm<=dw<=100nm, as shown in Table 2 is 
acquired. 

[0050] Next, the value of b was fixed to 3, various thickness of a magnetic layer and an interlayer's 
thickness were changed, and the initial permeability of multilayers was investigated. Other 
membrane formation conditions are the same as the above. A result is shown in Table 3 and 4. 
[0051] 
(Table 3) 

Sample Magnetic layer thickness Interlayer thickness Permeability Dm 

[nm] Dn [nm] MHz ca 30 6 3000 cb 50 6 5000 cc 100 6 4000 cd 500 6 

3000 ce600 6 2000 [0052] As shown in Table 3, the thickness of a 

magnetic layer was able to acquire the RF property which was excellent in the range which is 50 
nm<=Dm<=500nm. On the other hand, the permeability of Sample ce is comparable as the 
permeability of monolayer shown in Table 1, and the fall of saturation magnetic flux density 
became large in Sample ca. 
[0053] 
(Table 4) 

Sample Magnetic layer thickness Interlayer thickness Permeability Dm 

[nm] Dn [nm] MHz da 100 1 300 db 100 2 2500 dc 100 6 4000 dd 100 

10 3000 del 00 15 1500 [0054] As shown in Table 4, an interlayer's 

thickness was able to acquire the RF property which was excellent in the range which is 2 
nm<=Dn<=10nm. On the other hand, it was checked that magnetic crystal grain has not separated 
Sample da enough as a result of TEM observation. Moreover, in Sample de, initial permeability is 
below monolayer and the fall of saturation magnetic flux density is also remarkable. 
[0055] In order to acquire the outstanding saturation magnetic flux density and magnetic 



properties from the above result, it has checked that it was desirable that they are 50 
nm<=Dm<=500nm and 2 nm<=Dn<=10nm. 

[0056] (Example 2) In this example, the magnetic layer was investigated about the presentation 
range where the permeability in a RF becomes the optimal, magnetic layer thickness, interlayer 
thickness, the fine structure, etc. centering on the magnetic thin film which sets Fe (Si), (O), and 
an interlayer to Fe(Si) O. In addition, the component in ( ) is not contained depending on a sample. 
[0057] The membrane formation conditions are as follows. 

substrate: — nonmagnetic ceramic substrate substrate temperature: — room temperature target: 

— the time of Fe target or FeSi alloy target membrane formation — substrate: — fixed target 
size: — 3 inch discharge-gas-pressure: — 8mTorr discharge power: — 300W sputtering gas: — 
magnetic layer Arinterlayer Ar+02:oxygen flow rate (02/(Ar+02)) = — 25% [0058] While 
membranous formation used the same Fe target or the FeSi alloy target about the same magnetic 
thin film, the interlayer carried out the magnetic layer by introducing 02 gas into this ambient 
atmosphere still more nearly continuously in Ar gas ambient atmosphere. Thus, the laminating of 
the magnetic layer (Fe (Si), (O)) of 1 0Onm of thickness and every ten layers (Fe (Si) O) of the 
interlayers of 6nm of thickness was carried out by turns, and magnetic multilayers of about 1 
micrometer of thickness were produced. Also in which magnetic multilayers, much oxygen was 
contained in the interlayer rather than the magnetic layer. 

[0059] a magnetic layer — 1 00(FeaSib)-dOd (however. a+b=100, 0<=d<=10) — the relation 
between the value of b at the time of expressing with an empirical formula, and the initial 
permeability and saturation magnetic flux density in 10MHz and 300MHz is shown in Table 5. 
[0060] 
(Table 5) 

Sample b Permeability Bs (10MHz) (300MHz) [T] 

— ea 0 150 150 2.03 eb 2 200 200 1.98 ec 3 500 400 1.95 ed 5 1500 800 1.87 ee 7 1900 1000 1.82 

ef 8 2300 1200 1.79 [0061] As shown in Table 5, in the sample ec whose 

b is three or more - Sample ef, high permeability and high saturation magnetic flux density were 
obtained. In addition, d which shows 0 content in a magnetic layer was averaged also in which 
sample, and was zero to about three. In spite of having not introduced 02 gas during magnetic 
layer production, it is considered to be based on the residual oxygen at the time of interlayer 
production that O element may exist. 

[0062] Moreover, although the measured value shown in Table 5 was a value immediately after 
membrane formation, after heat-treating the produced sample at 300 degrees C, the fundamental 
inclination was even the same as Table 5. Moreover, when heat-treated, it was comparable in 
whether the permeability of 300MHz decreases a little by the permeability in 10MHz improving 2 to 
30 percent. The structural relaxation of a magnetic thin film etc. contributes to improvement in the 
permeability in 10MHz, and it is thought that reduction of the specific resistance of the film by 
heat treatment has influenced change with a permeability of 300MHz. 

[0063] In addition, although it has checked improvement in the permeability by multilayering even if 
the above-mentioned magnetic thin film had more values of b than 8, Bs fell to about 1.7T. <BR> 
[0064] The cross section TEM of the sample ef with high permeability and the sample ea with low 
permeability was observed and compared. Consequently, with Sample ef, the magnetic layer 
consisted of a columnar crystal which sets crystal width of face to about 30-40nm, and it turned 
out that an interlayer has the structure which makes a host phase the amorphous substance 
which contains an about 1-2nm microcrystal slightly. Moreover, by the initial formative layer which 
is equivalent to the thickness to 3 about 1/, the grain boundary had become oxygen Rich from the 
middle class side who formed the magnetic layer concerned in the magnetic layer. On the other 
hand, with Sample ea, the magnetic layer consisted of a columnar crystal which sets crystal width 
of face to about 60-70nm, and, partly, the grain growth which ran through the interlayer was seen. 
Moreover, into this interlayer, a part of quality of a microcrystal with a particle size of 7nm or 
more was growing. 

[0065] From the comparison with Sample ef and Sample ea, Si is considered to have the operation 
which separates the crystal of a magnetic layer while it controls an interlayer's unnecessary 
crystallization. Moreover, it is thought that the oxygen in the initial formative layer has the 



operation which controls grain growth of the cross direction of magnetic crystal grain. 

[0066] Next, the magnetic thin film which made substrate temperature at the time of membrane 

formation a room temperature (sample fa) or 200 degrees C (sample fb) was heat-treated in the 1 

shaft field of 300 [Oe], and the initial permeability in 10MHz was investigated. In addition, the 

amount of Si of a magnetic layer was made into the 7 same% as the above-mentioned sample ee. 

Moreover, at the time of membrane formation of these samples, the effect of the anisotropy by a 

leakage field etc. is removed by rotating a substrate. Other membrane formation conditions are the 

same as the above like the sample shown in Table 5. A result is shown in Table 6. 

[0067] 

(Table 6) 

The permeability by heat treatment temperature (10MHz) 

Heat treatment temperature 200 degrees C 250 degrees C 300 degrees C 

350 degrees C Sample fa 2000 3200 3800 1200 Sample fb 3800 4000 4000 3000 

[0068] As shown in Table 6, it turns out that the sample fb which formed substrate 

temperature as 200 degrees C shows high permeability also in which heat treatment temperature. 
When cross-section TEM observation immediately after membrane formation of each sample was 
performed, each magnetic layer was formed with the columnar crystal, and this crystal width of 
face was about 30-40nm. Moreover, the about 1-6nm microcrystal with which Sample fb is 
considered that Fe is a mother presentation in an interlayer compared with Sample fa was 
observed especially. In Sample fb, although substrate temperature is high, small one is considered 
that the random crystal growth which used this microcrystal as the nucleus results like [ crystal 
width of face ] membrane formation of a room temperature. Thus, it is thought important that a 
moderate crystalline substance exists in an interlayer. 

[0069] On Fe target next, by carrying out specified quantity arrangement of Si and the aluminum 
chip Empirical formula (Fea(SMOO-cAlc) b) 100- A magnetic layer with a thickness of 100nm 
shown by dOd (however, a+b=100, 0<=d<=10) (FeSi (aluminum), (O)), The multilayers which carried 
out the laminating of the interlayer (FeSi (aluminum) O) with a thickness of 6nm were produced, 
and the relation between the initial permeability in 1 0MHz and the value of c was investigated. In 
addition, the value of b was fixed to 5. Other membrane formation conditions are as above- 
mentioned like the sample of Table 5. A result is shown in Table 7. 
[0070] 
(Table 7) 

Sample c c/(100-c) Permeability (10MHz) ga 0 0 

1500 gb 23.1 0.3 1600 gc 33.3 0.5 1800 gd 44.4 0.8 1500 ge 50.0 1.0 1200 gf 54.5 1.2 600 

[0071] As shown in Table 7, the value of c was able to obtain high permeability in the 

sample ga of 0<=c<=50 - Sample ge. 

[0072] Like the above moreover, the magnetic thin film which carried out the laminating of a 
magnetic layer with a thickness of 100nm and the interlayer with a thickness of 6nm The result of 
having changed a presentation and sputtering gas of a target and having formed membranes 
variously, (Ma(SMOO-cXc) b) 100-dOd (at least one sort of magnetic metals with which M is 
chosen from Fe, Co, and nickel — ) At least one sort of elements with which X is chosen from the 
transition metals except germanium, Sn, aluminum, Ga, and said M, and the magnetic layer 
3<=b<=8, a+b=100, 0<=c<=50, and the presentation range of a, b, and whose c are 0<=d<=10, When 
the interlayer who contains said M and said X, and contains many oxygen rather than said 
magnetic layer was used, it has checked that the outstanding RF property was acquired. 
[0073] Next, the value of b in the same FeSi(0)/FeSiO multilayers as the above was changed into 
7 from 5, and it changed variously with the thickness of a magnetic layer, and an interlayer's 
thickness, magnetic multilayers were produced, and it investigated about initial permeability. 
Moreover, by rotating a substrate at the time of membrane formation, the effect of the anisotropy 
by a leakage field etc. is removed. Other membrane formation conditions are the same as the 
above-mentioned conditions like the sample of Table 5. A result is shown in Table 8 and 9. 
[0074] 
(Table 8) 

Sample Magnetic layer thickness Interlayer thickness Permeability Dm 



[nm] Dn [nm] MHz ha 30 6 4000 hb 50 6 5000 he 100 6 3200 hd 150 6 

1 300 he 200 6 500 [0075] As shown in Table 8, the thickness of a 

magnetic layer was able to acquire the RF property which was excellent in the range which is 50 
nm<=Dm<=1 50nm. In addition, Sample ha had the fall of saturation magnetic flux density large 
[ permeability ], although permeability was large. 
[0076] 
(Table 9) 

Sample Magnetic layer thickness Interlayer thickness Permeability Dm 

[nm] Dn [nm] MHz ia 100 1 400 ib 100 2 1500 ic 100 6 3200 id 100 10 

2000 ie 100 15 1000 [0077] As shown in Table 9. the thickness of a 

magnetic layer was able to acquire the RF property which was excellent in the range which is 2 
nm<=Dm<=10nm. In addition, with Sample ia, TEM observation showed that magnetic crystal grain 
had not dissociated enough. Moreover, with Sample ie, the fall of saturation magnetic flux density 
is remarkable. 

[0078] In order to acquire the outstanding saturation magnetic flux density and magnetic 
properties from the above result, it has checked that it was desirable that they are 50 
nm<=Dm<=1 50nm and 2 nm<=Dn<=1 Onm. 

[0079] (Example 3) In this example, the RF property over the shortest film width Dfw of a magnetic 
thin film was investigated. The sample ee of (an example 2) was used as a magnetic thin film. First, 
the shortest film width carried out micro processing of the magnetic thin film of this sample to the 
shape of a stripe using the photolithography technique so that 50 micrometers -10 micrometers 
and the difficult shaft orientations of a sample might turn into a longitudinal direction with a die 
length of 10mm. Then, it heat-treated at 250 degrees C in the 1 shaft field of 300 [Oe] so that the 
film die-length direction might turn into the direction of an easy axis. 

[0080] It investigated about the 300MHz initial permeability of the longitudinal direction of the film 
width of each sample which heat-treated after micro processing and micro processing. A result is 
shown in Table 1 0. 
[0081] 
(Table 10) 

Sample The shortest width of face Permeability Permeability Dfw After 

processing After heat treatment [mum] (300MHz) (300MHz) ia 50 1 500 

700 ib 30 1400 1 100 ic 20 1300 1000 id 10 1200 1000 [0082] It turns 

out that it is maintaining high permeability although the shortest width of face heat-treated in the 
direction where the sample 30 micrometers or less of permeability originally improves so that the 
field impression direction may serve as an easy axis, and the direction which intersects 
perpendicularly as mentioned above. If this result and the result of Table 6 of (an example 2) are 
considered collectively, when it will set thickness per one layer of magnetic layers to Dm and the 
shortest film width will be set to Dfw, even if it processes it to a detailed configuration, with the 
magnetic thin film with which Dm<=Dfw<=30micrometer is filled, it turns out that high frequency 
characteristics are realizable. 
[0083] 

[Effect of the Invention] As explained above, according to this invention, it excels in the soft 
magnetic characteristics in a RF, and the magnetic thin film which has high saturation magnetic 
flux density can be offered. This magnetic thin film can be offered in a low-temperature process 
300 degrees C or less. Moreover, also after processing a detailed configuration especially, the 
remarkable effectiveness that the desirable direction of a hard axis is stable, and the outstanding 
RF property is shown is. 

[0084] Moreover, the magnetic-recording head for high recording density excellent in mass- 
production nature is not only realizable, but according to this invention, it can attain the 
miniaturization of a magnetic recording medium, lightweight-izing, and low-power—ization of 
equipment by using the above-mentioned magnetic thin film for the magnetic head. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of the magnetic head of the MIG type which is one gestalt of 
the magnetic head of this invention. 

[Drawin g 2] It is LAM type the perspective view and partial enlarged drawing of the magnetic head 
which are one gestalt of the magnetic head of this invention. 

[Drawing 3] It is the fragmentary sectional view of the magnetic head for hard disks which is one 
gestalt of the magnetic head of this invention. 
[Description of Notations] 

1 Magnetic Core 

2 Magnetic Thin Film 
4 Magnetic Gap 

1 1 Non-magnetic Material 

12 Magnetic Gap 

16 Magnetic Thin Film 

1 7 Insulating Layer 

31 Up Record Magnetic Pole 

32 Record Gap Film 

33 GMR Film 

34 Playback Up Gap Film 

35 Hard Magnetic Film 

36 Lower [ Playback Up Shielding Film-cum-] Record Magnetic Pole 

38 Playback Lower Gap Film 

39 Playback Lower Shielding Film 



[Translation done.] 



* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawin g 1] 




[Drawing 3] 

41 




33 



[Drawing 2] 



12 




[Translation done.] 



